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Letters to the Editor-in-Chief

IS THE EMG FATIGUE THRESHOLD A
VALID TOOL TO ASSESS MUSCLE
FUNCTION?

Dear Editor-in-Chief:

We read with great interest the interesting article by
Hendrix et al. (3) regarding whether the mathematical model
for estimating the EMG fatigue threshold (EMGFT) during
cycle ergometry was applicable to isometric leg extensions.

The EMGFT has been widely studied using pedaling tests
(2,6,7), and it has been shown to be a useful tool in assessing
the fitness level/muscle performance (1,2,6,7). This method
carries the advantage that it does not require submaximal
exercise bouts to be performed until exhaustion. Because of
this, EMGFT is very useful for patients who are unable to
tolerate maximal effort. However, in the present study (3),
and in the literature in general, the authors did not apply any
criteria to establish the precision of their EMGFT determi-
nation and did not report the standard error (SE) of their
EMGFT values. Nevertheless, EMGFT should be considered
as a valid tool to assess muscle function/fitness level (and to
monitor changes in response to training/rehabilitation pro-
grams) only if the values are determined in a way that small
changes over time or between subjects can be detected. Al-
though the precision of EMGFT depends on the linear fit used
to model the relationship between the force level and slope
coefficient, Hendrix et al. (3) determined EMGFT by using a
coefficient of determination R2 G 0.85 (6 cases of 22), which
certainly resulted in a high SE of the y-intercept (i.e.,
EMGFT). For instance, from the Table 2, we calculated a
high SE of EMGFT for subject 3 (T15.5% of MVC, for rectus
femoris). That suggests that EMGFT values reported in this
article (and in the literature in general) would not be always
precise. In fact, in a recent study (4), we chose to validate the
EMGFT determination from isometric elbow flexion only for
significant positive linear regressions with R2 9 0.85 and
with SE of the y-intercept (i.e., EMGFT) less than 5% of
MVC. By applying these stringent criteria, it was noted that
EMGFT could only be determined for one muscle (the long
head of biceps brachii) for just three of the eight subjects.

The inability to detect an EMGFT precisely in all the
subjects could be explained by various factors, such as

i. a nonlinear relationship between the increase in EMG
amplitude and time,

ii. putative compensations between muscles, and
iii. nonhomogeneous distribution of EMG activity within a

muscle.

By using alternate techniques, however, some of these
limitations could be avoided. First, to circumvent the limi-
tation associated with the potential nonlinear relationship
between the increase in EMG amplitude and time, Merletti
et al. (5) suggested the use of the ‘‘area ratio.’’ This ‘‘area
ratio’’ index is regression-free, dimensionless, and it is little
affected by experimental point fluctuations. Second, because
compensations between muscles can interfere with the de-
termination of a precise EMGFT, ideally, simple tasks involv-
ing one main muscle should be used for the experimental
protocol. Third, because the distribution of EMG activity
could be nonhomogeneous (8), we propose to record EMG
with a multichannel amplifier, which would permit the in-
vestigator to obtain a map of activity level and thus to choose,
a posteriori, the best site to determine the EMGFT.

Fran0ois Hug, PhD
University of Nantes
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RESPONSE

Dear Editor-in-Chief:

We would like to thank Dr. Hug for his comments regard-
ing our recent article (2) that examined the estimation of
EMGFT for the three superficial muscles of the quadriceps
femoris during isometric leg extension. We agree that there
are no definitive criteria with which to judge the precision of
the estimation of EMGFT for various muscles and different
modes of exercise (i.e., isometric muscle actions and/or cycle
ergometry). Dr. Hug indicated that the EMGFT test should be
considered as a valid tool to assess muscle function/fitness
level (and to monitor changes in response to training/
rehabilitation programs) only if the values are determined
in a way that small changes over time or between subjects
can be detected. Previous studies have shown the EMGFT

test to be sensitive to training-induced changes (5), as well as
differences among the superficial muscles of the quadriceps
femoris (3). Therefore, the EMGFT test, as it has been ex-
amined previously (3,5) and adapted for isometric muscle
actions in the present study (2), is sensitive to differences
both over time and among muscles. Furthermore, we deter-
mined the mean (TSD) SE of the y-intercept (EMGFT)
values (25.9 T 28.2 W) from the study by Smith et al. (5).
These SE values (5) represented a mean of 21.8 T 22.1%
of the EMGFT and were consistent with those from de Vries
et al. (1) during cycle ergometry (15.5 T 8.7% EMGFT). In
addition, these values were consistent with the present study
(2) during isometric leg extension (VL = 23.9 T 23.7%,
VM = 30.0 T 25.1%, and RF = 33.8 T 19.2% EMGFT).

Dr. Hug identified specific methodological considera-
tions that should provide the foundation for a number of
future studies that are designed to examine and improve the
precision for estimating the EMGFT. These future studies

should be based on an examination of the factors listed by
Dr. Hug, including

i. the linearity of the relationship between the increase in
EMG amplitude and time,

ii. putative compensations between muscles, and
iii. nonhomogeneous distribution of EMG activity within a

muscle.

Furthermore, as indicated by Dr. Hug, future research
should examine the ‘‘area ratio’’ index of Merletti et al. (4)
versus the traditional methods for estimating EMGFT, the
usefulness of the EMGFT for individual muscles and syner-
gistic muscle groups, and the use of a multichannel ampli-
fier to map activity levels and determine the sampling site.

C. Russell Hendrix, MSE
Terry J. Housh, PhD
University of Nebraska–Lincoln
Lincoln, NE
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